The effect of statin on hemodialysis patients is controversial. Although previous large-scale studies did not clarify its effect in this population, recent studies suggest that statins could be useful in reducing the risk of cardiovascular events and all-cause mortality in specific groups of patients undergoing hemodialysis. The aforementioned large-scale studies included a small percentage of Asians, and few studies have investigated the effects of statins in Asians undergoing hemodialysis. Thus, we investigated the benefits of statins in patients undergoing maintenance hemodialysis at a single center in Japan. We obtained demographic, clinical, and hemodialysis data of all patients who underwent maintenance hemodialysis at the Nagasaki Renal Center between July 2011 and June 2012. Patients were followed-up until June 2018. We studied 339 patients, of which 51 (15.0%) were prescribed pitavastatin. The mean observation period was 4.1±2.3 years, 43% were women, and the median hemodialysis vintage at baseline was 4.7 years. During the follow-up, 198 patients (58%) died, of which 22 (43%) were prescribed pitavastatin and 176 (61%) were not prescribed any statins. After propensity score matching based on age, sex, dialysis vintage, dialysis time, diabetes mellitus, ischemic heart disease, dry weight, left ventricular ejection fraction, and serum albumin, an intergroup comparison between those who received statins and those who did not (44 patients in each group) showed significant differences in survival rate based on the log-rank test (P<0.05). Although the causes of death did not differ significantly between groups, deaths due to cardiovascular events, infections, and cancer were fewer in the group prescribed statins. Our results suggest that statins may reduce mortality in Japanese patients undergoing maintenance hemodialysis. Although potential residual confounders exist, statins may have an influence on the reduction in the incidence of cardiovascular events, infections, and cancer. Nevertheless, further studies are required to prove this hypothesis.
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Introduction
Patients on hemodialysis have a greater risk of developing cardiovascular events, which are associated with life prognosis [1, 2] . Anemia correction and smoking cessation, blood pressure and diabetes management, calcium and phosphorus management, and use of beta blockers have been associated with decreasing cardiovascular events and reduction in mortality risk in dialysis patients [3] [4] [5] [6] [7] [8] . Moreover, statins are useful for primary and secondary prevention of cardiovascular events by lowering low-density lipoprotein (LDL) cholesterol levels [9] [10] [11] [12] ; however, the favorable effect of statin was not observed in two large-scale clinical trials of patients on hemodialysis. A previous study (4D study) assessed the risk of developing a combined primary endpoint, i.e., cardiovascular disease death, nonfatal myocardial infarction, and nonfatal stroke, in patients on hemodialysis. Although an 8% risk reduction in the atorvastatin group was shown, no significant difference between the atorvastatin and placebo groups was noted [13] . Moreover, the risk of all-cause death, cardiovascular events, and cerebrovascular disease was almost the same in the two groups [13] . In the AURORA study, the same endpoint as that in the 4D study was set in the rosuvastatin and placebo groups. Although the LDL cholesterol level decreased in the rosuvastatin group, the risk of cardiovascular events was not reduced [14] . Thus, based on the results of large clinical studies and according to the Kidney Disease: Improving Global Outcomes clinical practice guideline for lipid management in CKD, starting statins in patients on dialysis is not recommended [15] .
Dialysis patients in Japan have a relatively high life expectancy compared with those in Europe and the United States [16, 17] . In addition, kidney transplantation, especially deceaseddonor kidney transplantation, is not popular in Japan and, thus, the mean dialysis vintage in Japan tends to be higher than that in other countries [18] . These factors make a long-term observational study of hemodialysis patients feasible in Japan; however, few studies on the effect of statin on Japanese patients undergoing hemodialysis have been conducted [16, 17] . Thus, this study aimed to retrospectively examine the effects of statins on the life prognosis of patients undergoing hemodialysis at a single center in Japan.
Materials and methods

Patients
This was a retrospective observational study at a hemodialysis center. The subjects were patients who underwent hemodialysis at the Nagasaki Renal Center from July 2011 to June 2012. The inclusion criteria and exclusion criteria were similar to those in a previous report [19] . Briefly, patients who were at least 20 years of age and with a dialysis vintage of at least 90 days were included, and those who were up to 19 years of age, had a dialysis vintage of <90 days, left the Nagasaki Renal Center during the observation period, or died were excluded. The observation period was from July 2011 to June 2018.
Data collection
Patients' background data, including age, sex, history of dialysis, dialysis conditions, blood examinations, chest radiographs, echocardiography results, and information on pre-existing conditions, complications, and medications were obtained from medical records. These data were obtained from the results of examinations which were performed in the patient's birth month. A ratio of 1:200 was applied to convert the darbepoetin alfa and epoetin beta pegol doses to their equivalent epoetin doses [20] .
Statistical analyses
Categorical variables are expressed as number (%) and continuous variables, as mean±standard deviations. Non-normally distributed data are presented as median values with interquartile ranges. Statistical analyses were performed using JMP 14 software (SAS Institute Inc., Cary, NC). The analyses included a comparison between two groups: statin and non-statin groups. Continuous variables were compared using the Mann-Whitney U-test, while categorical variables were assessed by the Chi-square test. Univariate and multivariate Cox proportional-hazards model analyses were also performed. Model 1 was adjusted for age and sex only; model 2, for age, sex, dialysis vintage, dialysis time, diabetes mellitus, ischemic heart disease, cerebral infarction, systolic blood pressure, body mass index, left ventricular ejection fraction, and serum albumin; and model 3, for age, sex, dialysis vintage, dialysis time, diabetes mellitus, cerebral infarction, systolic blood pressure, body mass index, left ventricular ejection fraction, hemoglobin, serum albumin, serum corrected calcium, serum phosphate, intact-parathyroid hormone, serum creatinine, total cholesterol, and drugs (erythropoiesis-stimulating agent, phosphate binders, cinacalcet, and vitamin D).
Moreover, propensity score matching with a Caliper coefficient set at 0.2 was performed, and survival time analysis was conducted by the log-rank test. To estimate the propensity score, age, sex, dialysis vintage, dialysis time, diabetes history, ischemic heart disease history, cerebral infarction history, body weight, ejection fraction, and serum albumin were selected as parameters because of their clinical importance and data availability. In addition, we estimated another propensity score using age, sex, dialysis vintage, dialysis time, diabetes history, ischemic heart disease history, cerebral infarction history, body mass index, ejection fraction, serum albumin, and HbA1c. The missing data were removed from the analyses and only the remaining data were used.
This study was approved by the ethics committee of the Nagasaki Renal Center (Nagasaki, Japan) (30001) and performed according to the 1964 Declaration of Helsinki and its later amendments. Although the patients in this study were informed, consent was not obtained as a medical records-based retrospective analysis was conducted, and the included patients were anonymized. The ethics committee approved the waiver of consent.
Results
This study included 339 patients, and 43% were women. The mean follow-up period was 4.1 ±2.3 years, mean age was 67.3±13.3 years, median dialysis vintage was 4.7 years, and median dialysis time was 4 h. The prevalence of ischemic heart disease was 34.2% and that of diabetes was 34.5%. Fifty-one patients (15.0%) were prescribed statin (statin group); only pitavastatin was available in the Nagasaki Renal Center. The dose of pitavastatin was 1 mg in 46 patients and 2 mg in 5 patients. In the statin group, statin was continuously prescribed until the last follow-up assessment in almost all cases; however, the total administration period could not be confirmed. During the observation period, 198 patients (58%) died: 22 (43%) in the statin group and 176 (61%) in the non-statin group ( Table 1) .
The proportion of women and the number of patients with ischemic heart disease and diabetes were significantly higher in the statin group than in the non-statin group (Table 1) . Left ventricular ejection fraction and serum albumin levels were also significantly higher in the statin group (Table 1) .
Univariate Cox proportional-hazards analysis is shown in Table 2 . Univariate and multivariate Cox proportional-hazards analyses showed that statin administration has a significant influence on the risk of death. For example, in model 3, statin significantly decreased the risk Table 2 ). Subsequently, we performed propensity score matching and found no significant difference between the statin and non-statin groups in terms of the baseline characteristics that were used to estimate the propensity score (Table 3 ). Regarding the total cholesterol level, which was not used to estimate the propensity score, there was no difference between the statin group and the non-statin group (statin group: 159±33 mg/dL, non-statin group: 166±41 mg/ dL; P = 0.64). Survival analysis was also performed (44 patients in each group), and significant differences in survival rate between the groups were observed (Fig 1) .
Based on the survival analysis, the statin group had a significantly lower risk of death than the non-statin group (HR 0.54, 95% CI 0.29-0.99; log-rank test P = 0.049) (Fig 2) .
The number of patients who had cardiac death and malignancy were higher in the nonstatin group, whereas, the number of patients who died of stroke was higher in the statin group; however, no significant differences were observed (Table 4 ).
We performed another propensity score matching analysis, which included HbA1c and body mass index instead of dry weight in addition to parameters of the former propensity score matching. There were 31 patients in each group and the results showed that the statin Statin on hemodialysis patients group had a significantly lower risk of death than the non-statin group (HR 0.50, 95% CI 0.24-0.98; log-rank test P = 0.041) (S1 Fig. and S1 Table) . There was no significant difference in the total cholesterol levels between the statin group and the non-statin group, similar to the result of the former propensity score matching analysis (data not shown).
Discussion
This study investigated the efficacy of statins in Japanese patients on dialysis. Statin was used in 15% of 339 eligible patients. Univariate and multivariate Cox regression analyses and the survival analysis between the propensity score matched groups showed that pitavastatin significantly decreased the mortality risk in hemodialysis patients.
Although the 4D study and AURORA study suggested that statins are less effective in hemodialysis patients, the proportions of Asian patients included in these studies were small [13, 14] ; thus, the results could not be generalized. Racial differences with respect to the effect of statins remain to be fully elucidated [21] [22] [23] ; nevertheless, a retrospective study in Asians suggested that statins may improve the survival rate after acute myocardial infarction in Statin on hemodialysis patients patients on dialysis [24] . A systematic review and meta-analysis demonstrated that statins reduce the risk of cardiovascular events in patients with CKD, including those on hemodialysis [25] . Furthermore, the long-term follow-up of the 4D study showed a significant difference in the onset of cardiovascular events, according to the arms (statin or placebo) of the original 4D study, suggesting a legacy effect of statins in hemodialysis patients [26] . Apart from lowering LDL cholesterol, statins have pleiotropic effects, including the expression of nitric oxide in the vascular endothelium, stabilization of atherosclerotic plaques, and suppression of proinflammatory cytokines and reactive oxygen species [27] [28] [29] [30] [31] . Statins may also be effective in reducing the reactivity of the heart muscle and suppressing the development of myocardial hypertrophy and fibrosis [32] . With regard to the anti-inflammatory effect, statins may clinically reduce the incidence of pneumonia, malignancy, dementia, venous thrombosis, osteoporosis, and pancreatitis [33] [34] [35] [36] [37] [38] . In our study, no significant tendency in the cause of death between the statin and non-statin groups was observed. This could be because the number of participants was small; thus, a larger scale study to elucidate the effect of statins on the incidence of infection in hemodialysis patients is warranted. Moreover, the mechanism underlying the improvement seen in life prognosis with statin use is difficult to establish based on our study's results, and thus, further studies will be required in this regard.
This study has several limitations that should be taken into account while interpreting the results. This was a single-institution retrospective study. The number of patients included was small; the number of patients for propensity score matching was significantly smaller. Moreover, LDL cholesterol was not measured in all patients; thus, the level of LDL cholesterol was not assessed in this study. Other unknown unmeasured items could not be adjusted between the two groups. In addition, the statin group tended to have numerous comorbidities, such as ischemic heart disease and diabetes. Hence, follow-up consultations with specialists outside the dialysis facility were performed more frequently in the statin group. Moreover, the time of initiation of statins was not available and the duration of statin prescription was not well documented. Statins might have been prescribed before the initiation of hemodialysis in some cases, and other statins, such as atorvastatin, may have been prescribed before admission to the Nagasaki Renal Center.
Nonetheless, this study has several strengths. As the dialysis vintage of hemodialysis patients in Japan is relatively longer than that of patients in other countries, our study was able to perform a long-term observation. Only pitavastatin was used in this study because of its availability in the facility. This helped to preclude any confounding bias that could have arisen due to the use of different statins with different inherent characteristics. Moreover, the causes of death data could be obtained in detail, and almost all patients could be followed up during the observation period.
Conclusion
This study showed that pitavastatin could reduce mortality of hemodialysis patients. Although the effect of statin in hemodialysis patients has remained controversial, long-term statin administration could decrease the mortality risk in these patients. Nonetheless, no significant difference in the cause of death regardless of the use of statins was noted in this study. Moreover, the factors that could influence the effect of statins on survival prognosis remain to be further clarified.
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